A novel Sphingomonas strain was isolated from a sample of desert soil collected near Jeddah in Saudi Arabia. A polyphasic approach was performed to characterize this strain, initially designated as G39 T . Cells of strain G39 T are motile, Gramnegative, catalase-and oxidase-positive. The strain is able to grow aerobically at 20-35 C, pH 6.5-8 and tolerates up to 4 % (w/v) NaCl. Based on 16S rRNA gene sequence similarity, the closest relative type strains of G39 T are Sphingomonas mucosissima DSM 17494 T (98.6 %), S. dokdonensis DSM 21029 T (98.4 %) and S. hankookensis DSM 23329 T (97.4 %). Furthermore, the average nucleotide identities between the draft genome sequence of strain G39 T and the genome sequences of all other available and related Sphingomonas species are significantly below the threshold of 94 %. The G+C content of the draft genome (3.12 Mbp) is 65.84 %. The prevalent (>5 %) cellular fatty acids of G39 T were C 18 : 1 !7c, C 16 : 1 !7c and/or C 16 : 1 !6c, C 14 : 0 2-OH and C 16 : 0 . The only detectable respiratory quinone was ubiquinone-10 and the polar lipids profile is composed of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, sphingoglycolipid, as well as unidentified lipids, phospholipids and glycolipids. The results of the conducted polyphasic approach confirmed that this isolate represents a novel species of the genus Sphingomonas, for which the name Sphingomonas jeddahensis sp. nov. is proposed. The type strain of this species is G39 T (=DSM 103790 T =LMG 29955 T ).
The genus Sphingomonas belongs to the class Alphaproteobacteria and comprises Gram-negative, chemoheterotrophic, strict aerobic rods or cocci [1, 2] . The type species of the genus Sphingomonas is Sphingomonas paucimobilis. The type strain S. paucimobilis DSM 1098 T was isolated from a respirator [3, 4] . Cells of Sphingomonas species are described to exhibit a size of 0.3-0.8Â0.7-1.9 µm, be either motile or non-motile, are not able to form spores of any kind, and usually perform cell division by binary fission. Colonies appear orange, yellow, white or colorless. The todate sequenced genomes of Sphingomonas sp. range from 2.5 Mbp (S. astaxanthinifaciens DSM 22298 T ) to 6.5 Mbp (S. sanxanigenens DSM 19645 T ) with a G+C content of 62-68 mol% [2, 4] . The eponymous feature of this species is the characteristic presence of sphingolipids in their outer cell membrane [1, 2] . Many different species affiliated to the genus Sphingomomas are described (http://www.bacterio. net/sphingomonas.html), which have been isolated worldwide from several different habitats [5] [6] [7] [8] [9] [10] [11] [12] [13] . Interestingly, many strains display resistances against certain chemicals [14, 15] , and beyond that, some sphingomonads are able to produce biotechnically valuable compounds [15] [16] [17] [18] .
Strain G39 T was isolated from a dry sand sample collected at a depth of 3 cm next to a highway near Jeddah, in Saudi Arabia (21 22¢ 44.4 † N 39 30¢ 42.8 † E). A sample (200 mg) of this sand was thoroughly mixed with 1 ml of sterile saline (0.9 % NaCl, w/v). After sedimentation, 100 µl of supernatant was used for plate-pouring on mineral salt medium (MSM; [19] ) agar plates containing 0.5 % (w/v) glucose as carbon source and 150 µg ml À1 cycloheximide to minimize fungal growth. Cell mass from distinct colonies were repeatedly transferred to MSM agar plates with 0.5 % (w/v) glucose until an axenic culture was obtained. Subsequently, colonies were routinely cultured and maintained on Standard I complex medium [20] . Growth of liquid cultures was monitored by measuring turbidity using a Klett-Summerson photometer. Long-term storage was accomplished in screwcapped vials at À70 C either in 20 % (v/v) glycerol or 7.5 % (v/v) DMSO and additionally as lyophilisates.
Growth under different conditions was tested using Standard I [20] or minimal medium (according to Schlegel et al. [19] and/or according to Yurkov et al. [21] ). Increasing NaCl concentrations (0.6 %, 1-10 % in 0.5 % intervals, w/v) were applied to examine the salt tolerance, since the strain was isolated from desert soil. The abilities to grow at different temperatures (5-60 C, 5 C intervals) and pH values (5-10, 0.5 intervals) were investigated. The pH of the growth medium was adjusted employing either HCl or NaOH prior to sterilization and checked afterwards.
Colonies of strain G39 T were circular, yellow-colored and viscous. Older colonies developed a deep yellowish colour and became increasingly sticky. On complex medium, colonies of G39 T grew in 1-2 days at 30 C. Cells of G39 T were rod-shaped with a size of approximately 2 µm in length and 0.9 µm in width. Reference strains S. dokdonensis DSM 21029 T and S. mucosissima DSM 17494 T were obtained from the DSMZ (German strain collection: Deutsche Sammlung von Mikroorganismen und Zellkulturen) and cultivated under the same conditions as strain G39 T for all conducted experiments ( Table 1 ).
Motility of cells was observed and one flagella could be detected by flagella-staining with the Flagella stain Droppers kit (Becton, Dickinson and Company) according to the manufacturer's instructions. Gram-staining according to Gerhardt et al. [22] of strain G39 T and the reference strains showed a reaction typical for Gram-negative organisms. Oxidase and catalase tests were positive, as revealed by using Bactident Oxidase test strips (Merck) and adding 3 % (v/v) H 2 O 2 to freshly grown colonies, respectively. API ZYM and API 20NE (bioM erieux) were used to determine the assimilation of some carbon sources and to reveal the presence of important enzymes. The ability to use different carbon sources for growth was investigated in liquid minimal medium according to Yurkov et al. [21] and/or on corresponding agar plates containing 0.2 % (w/v) of the respective carbon source. To show the capacity for haemolysis, blood agar (Columbia agar with sheep blood) was used (bioM erieux). Antimicrobial susceptibility testing applying the paper disc method was performed on Standard I agar plates. A cell suspension of G39 T was spread onto the plates and 6 mm Whatman paper discs were placed on the dried agar plates and then incubated for 24 h at 30 C. Before, the respective paper discs were soaked with 20 µl of antibiotic stock solutions, containing 10 µg ampicillin, 100 µg carbenicillin, 30 µg cefalothin, 30 µg chloramphenicol, 5 µg erythromycin, 10 µg gentamycin, 30 µg kanamycin, 5 µg novobiocin, 6 µg penicillin, 180 µg polymyxin, 30 µg rifampicin, 10 µg streptomycin, 30 µg tetracycline or 30 µg vancomycin.
For genome sequencing, the NucleoSpin tissue kit (Macherey-Nagel) was applied to extract the DNA from cells of strain G39 T according to the manufacturer's instructions. The extracted DNA was then used to generate Illumina shotgun paired-end sequencing libraries, which were sequenced with a MiSeq instrument and the MiSeq reagent kit v3 as recommended by the manufacturer (Illumina). Quality-filtering using Trimmomatic version 0.32 [23] resulted in 2 070 912 paired-end reads. The assembly was performed with the SPAdes genome assembler software version 3.9.0 [24] . The assembly resulted in 28 contigs (>500 bp) and an average coverage of 133-fold. The assembly was validated and the read coverage determined with QualiMap version 2.1 [25] . The draft genome comprises 3.12 Mbp with a G+C content of 65.84 mol%. Automatic annotation, gene prediction, and identification of rRNA Erythrobacter citreus RE35F\1 T (AF118020)
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Sphingomonas insulae DS-28 T (EF363714) Fig. 1 . Maximum likelihood phylogenetic tree generated with the 16S rRNA gene sequence of strain G39 T (1476 bp) in the genus Sphingomonas with Erythrobacter citreus RE35F/1 T as the outgroup. The evolutionary history was inferred by using the method based on the Tamura-Nei model [51] . The tree with the highest log likelihood (À8088,1787) is shown. The percentage of trees, in which the associated taxa clustered together, is shown next to the branches. Initial tree(s) for the heuristic search were obtained automatically by applying Neighbour-Join and BioNJ algorithms to a matrix of pairwise distances estimated using the Maximum Composite Likelihood (MCL) approach, and then selecting the topology with superior log likelihood value. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. The analysis involved 55 nucleotide sequences. All positions containing gaps and tRNA genes were carried out with Prokka [26] . The genome harbours 2947 predicted protein-encoding genes, of which 2346 (79.61 %) had a predicted function. The genome encodes 53 tRNA genes and one rRNA gene cluster. The Whole Genome Shotgun project has been deposited at DDBJ/EMBL/GenBank under the accession number MPSB00000000.
To determine strains most closely related to G39 T A maximum likelihood dendrogram with Erythrobacter citreus RE35F/1 T as outgroup showing the phylogenetic position of strain G39 T is displayed in Fig. 1 . For this, the 16S rRNA nucleotide sequence of strain G39 T and of related type strains belonging to the same phylogenetic group were aligned using CLUSTAL X [31] . The 16S rRNA gene sequences were retrieved from the EMBL database and from the Ribosomal Database Project [32, 33] . The resulting tree was initially calculated by using the neighbour-joining method [34] and displayed with TreeView [35] . Afterwards, additional phylogenetic trees were constructed using the maximum likelihood [36] , maximum parsimony [37] and minimum evolution [38] algorithms by applying the software package MEGA 7 [39] . Tree topologies were evaluated by bootstrap analysis based on 1000 replicates [40] and the maximum likelihood dendrogram was chosen to be the representing tree. The resulting maximum likelihood phylogenetic tree (Fig. 1) shows that strain G39 T forms, together with S. mucosissima DSM 17494 T and S. dokdonensis DSM 21029 T a monophyletic group, which has a distinct separation from all other Sphingomonas species. This same result could be verified after generating the neighbour-joining tree, the maximum parsimony tree and the minimum evolution tree.
To substantiate unequivocally that strain G39 T represents a new species of the genus Sphingomonas, an in silico genometo-genome comparison was performed using the JSpecies server (http://jspecies.ribohost.com/jspeciesws/; [41] ). Wet lab DNA-DNA hybridization (DDH) experiments are only essential to propose a novel species, if the 16S rRNA gene sequence similarity is higher than 98.7 % (threshold for proteobacteria) to that of the phylogenetically proximate type strain [42] ). However, the average nucleotide identity (ANI) analyses and/or the in silico DDH could at first not be accomplished with the two most-closely related reference type strains (S. mucosissima DSM 17494 T and S. dokdonensis DSM 21029 T ), as their genomes were not sequenced to this time. Therefore, we decided to initiate two genome projects [43] , and now the genomes of S. mucosissima DSM 17494 T (Tables S1 and S2 , available in the online Supplementary Material) . These values are well below the species threshold of 94 %, which is described as equivalent to the 70 % species boundary in DDH experiments [44] .
and missing data were eliminated. There were a total of 1206 positions in the final dataset. Evolutionary analyses were conducted in MEGA7 [39] . Circles indicate nodes that could be recovered in the phylogenetic trees generated with the maximum parsimony, minimum evolution and neighbour-joining method. The scale bar represents 0.01 substitutions per nucleotide position. Accession numbers of 16S rRNA gene sequences are given in brackets; T , type strain. Cellular fatty acids patterns were determined from cells grown to stationary phase in Standard I medium at 30 C applying the methods of Miller [45] , Kuykendall et al. [46] and Sasser [47] . The fatty acid methyl esters mixtures were separated using Sherlock Microbial Identification System (MIS) (MIDI), which consists of an Agilent model 6890 N gas chromatograph fitted with a 5 % phenyl-methyl silicone capillary column (0.2 mmÂ25 m), a flame ionization detector, Agilent model 7683A automatic sampler, and a HPcomputer with MIDI data base (Hewlett-Packard). Peaks were automatically integrated, and fatty acid names and percentages were calculated by the MIS Standard Software (Microbial ID) with Sherlock Version 6.1 (method TSBA6 6.10).
The fatty acid pattern of strain G39 T was dominated by C 18 : 1 !7c, C 16 : 1 !7c and/or C 16 : 1 !6c (Summed Feature 3), C 14 : 0 2-OH and C 16 : 0 . This result was similar to that of the reference strains (Table 2 ) and the characteristic fatty acid composition of members of the genus Sphingomonas [4] . However, C 18 : 0 , C 17 : 1 !6c and C 18 : 1 !5c were not detectable in strain G39 T , but C 14 : 0 , C 16 : 1 !6c and C 18 : 1 !7c were present in a larger amount than in the reference strains, in which C 12 : 0 , C 12 : 0 2-OH, C 17 : 0 cyclo and C 19 : 0 cyclo !8c were not detected ( Table 2) . Therefore, strain G39 T differs significantly from the two phylogenetically closest species, but its overall fatty acid profile is similar to those of other Sphingomonas strains.
The analyses of respiratory quinones and polar lipids were performed with 200 mg freeze-dried cells, which were previously incubated in Standard I medium at 30 C and harvested in the stationary phase. The extraction of quinones was done using the two-stage method described by Tindall [48, 49] . UV absorbing bands corresponding to the different quinone classes were removed from the plate and further analysed by HPLC. This step was carried out on a LDC Analytical (Thermo Separation Products) HPLC fitted with a reverse phase column (Macherey-Nagel, 2 mmÂ125 mm, 3 µm, RP18) using methanol:heptane 9 : 1 (v/v) as the eluant. Respiratory lipoquinones were detected at 269 nm. Polar lipids were separated by two-dimensional silica gel thin layer chromatography (Macherey-Nagel Art. No. 818 135). The first direction was developed in chloroform:methanol:water (65 : 25 : 4, v/v/v), and the second in chloroform: methanol:acetic acid:water (80 : 12 : 15 : 4, v/v/v/v). Total lipid material was detected using molybdatophosphoric acid and specific functional groups by using spray reagents specific for the groups [50] .
The predominant isoprenoid quinone found in strain G39 T and the reference species (S. mucosissima DSM 17494 T and S. dokdonensis DSM 21029 T ) was ubiquinone-10, and the major polar lipids detected were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, sphingoglycolipid, as well as unidentified lipids, phospholipids and glycolipids (Fig. S1 ). The specified polar lipids were also detectable during polar lipid analyses of the reference species.
This chemotaxonomic profile is consistent with the characteristics of the genus Sphingomonas. However, strain G39 T was distinguishable from the reference species S. mucosissima DSM 17494 T and S. dokdonensis DSM 21029 T based on several differences in the phenotypic and genotypic characteristics described above.
DESCRIPTION OF SPHINGOMONAS JEDDAHENSIS SP. NOV.
Sphingomonas jeddahensis (jed.dah.en¢sis. N.L. fem. adj. jeddahensis refers to a region near the city of Jeddah in Saudi Arabia, from which the strain was isolated).
Colonies are circular, viscous and yellow-colored. Cells are motile, Gram-negative, non-spore-forming rods (approx. 0.9 µmÂ2 µm). They are oxidase-positive and catalase-positive and show an oxidative metabolism. Temperature range for growth is 20-35 C with an optimum at 30 C. S. jeddahensis tolerates up to 4 % (w/v) NaCl. No growth was observed at given pH values lower than pH 6.5 and higher than 8. With the API 20NE test Kit, S. jeddahensis was positive for aesculin hydrolysis and glucose assimilation. The cells tested negative for nitrate reduction, fermentative degradation of glucose, indole production, arginine dihydrolase, urease, gelatinase, b-galactosidase and the assimilation of L-arabinose, D-mannose, D-mannitol, maltose, N-acetylglucosamine, adipic acid, capric acid, citric acid, gluconic acid, and phenylacetic acid. During API ZYM testing, positive reactions were obtained for alkaline phosphatase, esterase, trypsin, b-glucosidase, leucine-and valine arylamidase. S. jeddahensis utilizes acetate, cellobiose, fructose, glucose, glutamate, isocitrate, proline, pyruvate and trehalose as sole carbon sources for growth, but not alanine, aspartate, citrate, galactose, lactose, melibiose, rhamnose, sorbitol, sucrose and xylose. Furthermore, the cells display alpha haemolysis and show lipolytic activity. S. jeddahensis is resistant to novobiocin and streptomycin, and sensitive to all other tested antibiotics (ampicillin, carbenicillin, cefalothin, chloramphenicol, erythromycin, gentamycin, kanamycin, penicillin, polymyxin, rifampicin, tetracycline and vancomycin). The determined chemotaxonomic properties are typical of the genus Sphingomonas with the predominant ubiquinone Q-10 and the major fatty acids (>5 % of the total) C 18 : 1 !7c, C 16 : 1 !7c and/or C 16 : 1 !6c, C 14 : 0 2-OH and C 16 : 0 .
Isolated from arid soil collected in a region near the city of Jeddah in Saudi-Arabia. The type strain is G39 T (=DSM 103790 T =LMG 29955 T ). The DNA G+C content of strain G39 T is 65.8 mol%, and its genome has a size of 3.12 Mbp, comprising 2894 protein-coding genes.
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